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[57] ABSTRACT 
The present invention relates to an electro-optical im 
aging device containing as transducer a foil electret, 
having a transparent conducting backplate. 
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ELECTRO OPTICAL IMAGING DEVICE 

FIELD OF THE INVENTION 
The present invention relates to a novel acousto-opti 

cal device. More particularly, it relates to a novel 
acousto-optical device based on the use of an electret 
or a material with similar electrical properties. The 
novel device is characterized in that it makes possible 
direct acousto-optical conversion without any interme 
diate stages, it has real-time capability of imaging for 
the observation of moving objects. The device can be 
positioned in any desired plane and can be operated at 
solid, at liquid or at gas interfaces. According to a 
preferred embodiment of the invention, means are 
provided for selecting the target plane which is viewed. 
Other and further features of the invention will become 
apparent hereinafter. 

BACKGROUND OF THE INVENTION 

For many years electrostatic principles have been 
employed in the generation and reception of acoustic 
energy. Devices based on electrostatics include the 
electrostatic loudspeaker and the condenser micro 
phone. Such devices consist of three basic elements: 
(1) a rigid, electrically conducting backplate; (2) a 
?exible, electrically conducting diaphragm; (3) one or 
more mechanically compliant dielectric layers. These 
three elements are arranged in sandwich form with the 
dielectric in the middle. An electric bias voltage ap 
plied across the two conducting elements generates an 
electrostatic force which is balanced by the mechanical 
restoring force of the dielectric, establishing an equilib 
rium separation between the diaphragm and the back 
plate. For acoustic generation, the bias voltage has 
superimposed on it a time-varying voltage causing the 
diaphragm to vibrate. For acoustic reception, the time 
varying voltage across the diaphargm and backplate is 
proportional to the vibration of the diaphragm in re 
sponse to an incident acoustic ?eld. 

In order to reduce or eliminate the required dc bias 
voltage (which may be several hundred volts), an elec 
trostatic device may be built with an electret as a die 
lectric element. Electrets, which are polarized dielec 
trics, can be formed in various ways, one of which will 
be described later. Using an electret in a condenser 
microphone results in an electret microphone in which 
the electret, rather than an external voltage source, 
generates the necessary electrostatic force. 

Electrostatic devices, with or without electrets, have 
been widely used for audio applications. In such cases, 
the acoustic wavelength is larger than the lateral di 
mensions of the devices. Thus it can be assumed that 
the diaphragm vibrates uniformly as a sound piston. 
For acoustic imaging purposes, energy in the ultra 

sonic region is utilized. The acoustic wavelength is 
usually much smaller than the detector lateral dimen 
sion. When a target is illuminated with an ultrasonic 
beam, the target attenuates part and scatters the rest of 
the beam. Hence the sound re?ected from or transmit 
ted through the target is, in general, no longer of uni 
form amplitude and phase. Instead, the beam is modu 
lated, in both amplitude and phase, on a point-by point 
basis. 

It is a well-known result of diffraction theory that if 
the point-by-point amplitude and phase of a ?eld scat 
tered by a target can be detected on some plane, and if 
this amplitude and phase distribution can be recorded 
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2 
and reproduced, an image of the target can be recon 
structed. Further, if the incident ?eld is acoustically 
derived, while the playback is optical, then an optical 
reproduction of the acoustically-illuminated target is 
generated. This is the basis of acoustical holography. 

STATE OF THE PRIOR ART 

The problem of acoustic-optical imaging has been 
approached in many different ways. Our method is 
super?cially similar to some of them; however, a brief 
presentation will show that the differences are substan 
tial. 

l. Electrostatic detector — such devices are scaled 
down versions of audio-electrostatic detectors. The 
magnitude and phase of the acoustic ?eld at a point in 
space is determined by placing the detector at that 
point and measuring and recording the resultant volt 
age output of the detector. The detector can be me 
chanically scanned across the detection plane on a 
point-by-point basis to record the amplitude and phase 
information over a plane of many wavelengths for re 
constructing an image. However, the process of scan 
ning can be quite slow and useless for real-time obser 
vation of the target in motion. 
Another solution is to use an array of electrostatic 

detectors. Scanning and recording the output of each 
electrostatic element is accomplished electronically. 
This can be done more rapidly than mechanical scan 
ning. However, the price paid is in electronic complex 
ity, which ultimately limits the maximum number of 
array elements. 

2. Laser-scanned diaphragm —- in this method a sin 
gle thin metallized diaphragm placed in the scattered 
acoustic ?eld is the detecting element. Each point of 
the diaphragm vibrates in amplitude and phase accord 
ing to the incident acoustic pressure. A laser beam 
scans the back of the diaphragm on a point-by-point 
basis. Light re?ected from each point is phase 
modulated, the phase modulation being a function of 
both the amplitude and phase of the local diaphragm 
displacement. The phase-modulated re?ected light 
undergoes optical heterodyning with an unmodulated 
reference beam, electronic detection and processing to 
?nally be applied in modulating a writing laser beam, 
scanned in synchronism with the reading laser beam to 
generate a hologram. 
This method is rather complicated both electroni 

cally and optically. The main problem is that the dia 
phragm surface deformation is a lenear function of the 
incident acoustic pressure. The time-average displace 
ment at any point is thus zero. It can be shown that only 
a diaphragm displacement witha do or slowly-varying 
component proportional to the incident acoustic ?eld 
can properly modulate the light beam for direct acous 
to-optical conversion. Since there is no such dc compo 
nent, the laser-scanned diaphragm method requires an 
additional optical reference, resulting in a complicated 
'acousto-electronic-optical conversion system. 

3. Liquid surface imaging -— This is a method 01 
acousto-optical imaging that does not require any inter 
mediate electronic processing. The detector is a liquid 
surface which is elevated on a point-by-point basis 
proportionally to the radiation pressure of an acoustic 
?eld directed towards the liquid-air interface. The 
acoustic ?eld consistsv of an unmodulated reference 
acoustic beam and a signal beam spatially modulated ir 
amplitude and phase by transmission through a target 
Since radiation pressure is proportional to the square 0 
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the acoustic pressure, the liquid surface is a square-law 
:letector. Thus there is a time-invarient component of 
the liquid surface elevation proportional to the local 
;ignal amplitude and phase. If the liquid surface is illu 
ninated with a coherent light beam, one of the optical 
iide-bands re?ected from the surface is an optical ver 
tion of the acoustic target. Filtering out all other light 
rllows the viewer to see the reconstructed image. 
The liquid surface method is a direct acousto-optical 

nethod that enables real-time imaging. However, there 
are several disadvantages; 
a. Since a liquid-air interface is the detector, the 

arget must either be immersed in liquid, or else elabo 
‘ate coupling methods must be used if the target must 
not or cannot be immersed. 
b. Since the liquid-air interface is inherently mechan 

cally unstable, precautions must be taken to isolate the 
iquid surface from all external sources of vibration. 
l‘ypically, the target is placed in a heavy main tank, 
vhile the detection surface is in a light auxiliary tank. 
c. This method uses transmission-type acoustic imag 

ng, whereas it may be desirable to provide re?ection 
ype imaging as well. 
d. The liquid surface is always horizontal, whereas it 

nay be desirable to place the detector in some other 
)lane. 

DESCRIPTION OF THE INVENTION 

The present invention relates to an acousto-optical 
letector that is an improvement over the above types 
if detectors. It relates to an electrostatic device em 
»loying an electret as the active element. Also unpolar 
zed dielectrics with applied dc biasing can be used. 
."he backplate is made of transparent optically-?at 
:onducting glass. This give optical access to the foil 
:lectret diaphragm. The foil electret adheres ‘closely to 
be conducting side of the glass backplate. The sand 
lICh of foil electret and glass backplate is sealed 
round the edges. The foil is coated with an insulating 
hemically inert polymer layer such as Te?on. Electric 
ccess is through leads cemented to the diaphragm and 
a the backplate. The surface displacement can be 
nhanced by constructing an electret of non-uniform 
ensity in the thickness direction. In the manufacture 
f the dieiectric, minute air bubbles can be impreg 
ated in the dielectric material in such a way that the 
ensity of the electric decreases along the thickness 
irection. Then the acoustic wave entering the dielec 
.‘IC is totally reflected by the time it reaches the end of 
re dielectric. Total re?ection gives maximum dis 
lacement amplitude and hence maximum detector 
:nsitivity. The response of the novel detector to an 
\cident acoustic ?eld is a linear point-by-point func 
on of the pressure amplitude and phase. Therefore, 
rdinarily the diaphragm surface displacement has a 
me-average value of zero. However, applying a sine 
'ave readout voltage of the detector modulates the 
ffective elastance of the dielectric layer. If at the same 
me an acoustic wave strikes the diaphragm, it meets a 
iechanical system with time-varying elastance. 
The resultant displacement of the diaphragm con 
lII'lS a component proportional to the product of the 
:oustic and electric excitations. If the frequency of the 
)plied readout signal is equal to that of the incident 
:oustic ?eld scattered by the target, the displacement 
:"each point of the diaphragm contains a dc compo 
:nt proportional to the local amplitude and phase of 
le incident acoustic pressure. The diaphragm de?ec 
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tion is therefore similar to that in the liquid-air inter 
face method of acoustical imaging. - 
An optical image is reconstructed by directing coher 

ent light through the transparent backplate when the 
detector receives an acoustic signal and a readout sig 
nal simultaneously. One of the optical sidebands re 
?ected back from the diaphragm contains information 
about the acoustic ?eld. This sideband is optically fil 
tered to reconstruct an image of the target. 
One feature of our invention is the ability to utilize 

strobed readout for selecting a single plane of the target 
for viewing when pulsed cw re?ection-type imaging is 
employed. At some time after emission of the insonify 
ing pulse, scattered sound from a particular plane 
through the target reaches the detector. If a readout 
voltage is applied only when the detector surface re 
ceives energy from that plane, only that particular 
plane is imaged. Varying the time delay between the 
insonifying pulse and the readout pulse to the detector 
changes the plane of the target viewed. Naturally, cw 
insonification of the target and continuous application 
of a readout voltage to the detector enables transmis 
sion-type imaging to be achieved. 
One of the main applications of the acousto-optical 

imaging device is in non-destructive testing. Faulty 
welds between surfaces and internal flaws within rela 
tively homogeneous casting can be imaged in real-time. 
The detector and part to be examined are either placed 
in a liquid bath, or the detector can be used for contact 
scanning a smooth-surfaced target. The real-time imag 
ing property of the detector allows continuous inspec 
tion of parts as they pass by. 
Another application of the acousto-optical imaging 

device is in medical diagnosis, for visualizing internal 
atructure and organs and for detecting and identifying 
pathologies. Depending on the application either im 
mersion or contact methods can be utilized. Real-time 
imaging allows examination of moving structures, such 
as the human heart or an active fetus. The electronic 
focusing feature of the imaging device enables the phy 
sician to zero-in on the precise plane of interest in 

. which the structure of pathology is best presented. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Certain specific embodiments of the invention are 
illustrated with reference to the enclosed schematical 
drawings, in which: 
FIG. 1 is a schematical side-view, in section, of a 

transducer used in a device according to the invention; 
FIG. 2 is a schematical side-view and block-diagram 

of a device according to the invention; 
FIG. 3 is a schematical side-view of an embodiment 

of pulsed cw reflection mode imaging according to the 
present invention; 
FIG. 4 is a wave form diagram, helpful in understand 

ing the embodiment shown in FIG. 3. - 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The novel transducer device is illustrated in FIG. 1. A 
conducting non-re?ecting glass backplate 11, is 
mounted with its conducting layer 12 facing the elec 
tret 13, whose conducting layer 14 faces away from the 
glass backplate 11. Electrostatic attraction causes the 
polymer electret l3 and its conducting layer 14 to 
adhere strongly to the conducting surface of the glass 
backplate 11. The backplate 11 and polymer foil elec 
tret 13 are secured at their edges by a pair of insulating 
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retaining blocks 17 made of laminated phenolic plastic. 
These are fastened from below by metal screws 18 
electrically insulated from the foil electret 13 by mica 
standoffs 19. Two leads 20 to a supply device are 
brough off from a pair of bindingposts 21 which also 
serve as upper retaining screws. These screws areelec 
trically connected respectively to the foil conducting 
layer 14, which acts as one electrode, and to the con 
ducting backplate l l, which acts as the other, by means 
of copper conducting washers 22, one of which is in 
direct contact with the layer 14, the other of which is 
connected to the conducting layer 12 via a wire 13, 
secured to the conducting layer 12 by conducting glue. 
The detector is sealed around the edges with cement 
and a protective Te?on layer 24 is deposited on the 
exposed aluminum layer of the diaphragm to prevent 
chemical contamination and to provide electrical insu 
lation. ' 

The glass backplate 11 is 50 mm X 50 mm X 1 mm 
optically ?at glass with a uniform 0.15 um thick trans 
parent conducting coating. The foil electret 13 is a 25 
um-thick ploymer layer (Dupont Mylar) coated on one 
‘side with a l um aluminum layer 14. 'I'heyretaining 
blocks 17 are each 20 mm X 20 mm X 50 mm. Two 
more retaining blocks (not shown), each 20 mm X 20 
mm X 30 mm, provide additional clamping at the other 
two edges of the detector. The total sensitive surface 
area of the detector is 30 mm X 30 mm. The detector 
could easily be made larger, since conducting glass 
plates larger than 100 mm X 100 mm are commercially 
available. 
The electret itself is prepared using a standard ther 

mal technique. A 100 mm square piece of polymer foil 
is placed between two parallel aluminum electrodes, 
each 60 mm square. The electrodes are separated by 5 
mm. The above arrangement is placed in an oven and 
heated to 130 ° C. When the polymer softens, a SKV 
voltage is connected between the electrodes, generat 
ing a polarizing ?eld in the polymer. The arrangement 
is then left to cool off slowly to room temperature. The 
external electrodes are removed. The polymer foil 
thereafter retains its polarization, i.e. it has been made 
into an electret. 
Although there are many possible arrangements of 

our detector for acousto-optical, two particualr exam 
ples are schematically shown here. 

C.W.- TRANSMISSION MODE IMAGING 

The con?guration is shown in FIG. 2. The detector 
31 is rigidly mounted in the side of a water tank, glass 
backplate out of the water facing right and the foil 
diaphragm in the water facing left. A target 32 is placed 
approximately 10 cm to the left of the detector. A 
plane wave ultrasonic transducer 33 is placed another 
5-10 cm. to the left of the target 32, and inclined at 10° 
to the normal to the detector. An acoustic condensing 
lends 34 projects an image of the target on the detector 
surface. For thin targets, the acoustic lens can be elimi 
nated and the target placed close to the detector. A 
sinewave generator 35 (0-500V, l-lO OMI-I) supplies 
both an excitation voltage of the transducer and, 
through an attenuator 36 (0-40 db) a readout signal to 
the detector. 
A 1W Ar-ion laser 37 positioned behind a spatial 

?ltering means 45 and collimation 46 illuminates the 
diaphragm surface through the glass backplate. The 
light re?ected at an angle of 10° is focused by a con 
densing lens 38. A pinhole aperture 39 at the lens focal 

‘6 
point ?ltersvout unwanted light, and standard viewing 
optics 40 gives an optical image of the plane focused on 
the detection surface. The image can be viewed di 
rectly, photographed or displayed in a closed-circuit 
TV'system. 

PULSED' cw REFLECTION-MODE IMAGING 
. This configuration is shown in FIG. 3. Here also the 
detector 41is mounted on the side of a water tank and 
a target 42 is placed to the left. The detector 41 serves 
as both transmitter and receiver. 
An extemally-triggered sinewave voltage generator 

43 with externally-controlled amplitude 43 supplies the 
driving voltage to the electret device for generation of 
an ultrasonic beam and also supplies an attenuated 
readout voltage to the detector at the appropriated 

intervals. An electronics black-box 44 contains the 
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various timing circuits for generating control'signals to 
the oscillator 43 and a circuit for varying the oscillator 
voltage output. Typical timing waveforms are shown in 
FIG. 4. ' 

Optical readout of the detector is the same as in FIG. 
2. However, a more powerful pulsed, laser 47should be 
used since the image is readout for only a small portion 
of the cycle. 
For non-destructive testing, the energy flux is ad 

justed according to the requirements of each individual 
case. 

For diagnostic purposes in human medicine, an aver 
age intensity of not exceeding about I mW/cm’, can be 
used. 

It is to be appreciated that in place of the foil electret, 
an unpolarized dielectric foil provided with do biasing 
could be used as well in the device of the present inven 
tion. 
We claim: 
1. In an acoustic-to-optical imaging device having a 

transducer responsive to an acoustic beam applied to 
one surface thereof and means for producing a view 
able image, the improvement comprising as the trans 
ducer therein a foil electret, having an optically trans 
parent conducting backplate as one of its electrodes 
and a second electrode. 

2. An improved acoustic-to-optical device according 
to claim 1, wherein said electret has a foil of varying 
density in its thickness direction. 

3. An improved acoustic-to-optical imaging device 
according to claim 1, including means coupled to said 
electret for supplying pulsed cw readout signals thereto 
to electronically focus the device. , 

4. An improved acoustic-to-optical imaging device 
according to claim 1, including means for illuminating 
a surface of said electret through said optically trans 
parent backplate, said means for illuminating including 
a light source, spatial ?ltering means and collimation 
means positioned in reversed serial order from said 
transducer, and a condensing lens for focussing re 
?ected light from said foil electret to give the desired 
image. 

5. An improved acoustic-to-optical imaging device 
according to claim 1, wherein said light source is a 
laser. 

6. In an acoustic-to-optical imaging device having a 
transducer responsive to an acoustic beam applied to 
one surface thereof and means for producing a view 
able image, the improvement comprising as the trans 
ducer therein an unpolarized dielectric foil electret 
having an optically transparent conducting backplate 
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as one of its electrodes, a second electrode, and means 
for applying a d.c. bias voltage across said ?rst and 
second electrodes. 

7. An improved acoustic-to-optical device according 
to claim 6, wherein said foil is of varying density in its 
thickness direction. 

8. An improved acoustic-to-optical imaging device 
according to claim 6, including means coupled to said 
foil for supplying pulsed cw readout signals thereto to 
electronically focus the device. 

9. An improved acoustic-to-optical imaging device 
according to claim 6, including means for illuminating 
a surface of said foil through said optically transparent 
backplate, said means for illuminating including a light 
source, spatial ?ltering means and collimation means 
positioned in reversed serial order from said trans 
ducer, and a condensing lens for focussing re?ected 
light from said foil to give the desired image. 

10. An improved acoustic-to-optical imaging device 
according to claim 6, wherein said light source is a 
laser. 
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8 
11. A method of providing an optical image compris 

mg: ' 

positioning a foil electret having an optically trans 
parent conducting backplate in vicinity of possible 
targets to be imaged; 

illuminating one surface of said electret with a coher 
ent light beam; 

illuminating a surface of said electret opposite said 
one surface with an acoustic beam; and 

developing an image from light re?ected from said 
one surface. 

12. A method of providing an optical image compris 
mg: 

positioning an unpolarized dielectric foil having an 
optically transparent conducting backplate in the 
vicinity of possible targets to be imaged; 

supplying a d.c. voltage to said foil; ' 
illuminating one surface of said dielectric foil with a 
coherent light beam; 

illuminating a surface of said dielectric foil opposite 
said one surface with an acoustic beam; and 

developing an image from light re?ected from said 
one surface. 

* * * * * 


